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Introduction

@ At high temperature, T dependence of the topological susceptibility
Xt(T) is well described by dilute instanton gas approximation (DIGA).

(1) [ dpn(p)nr(p) s NPT,
™ 5o
nt(p) cexp | —5p°T
@ However, at low T DIGA is invalid because large instantons are not

negligible and the interaction between instantons must be taken into
account.

@ At zero T, the leading instanton contribution to x; has IR divergence
in the instanton-size (p) integration.
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Introduction

@ The instanton picture exists in the local observable?

@ The instanton picture exists at zero temperature?

@ In the finite temperature regime, from which temperature instanton
picture exists.

The leading instanton contribution to the gluonic two point correlation
function

(F?(x)F?(0))
is
e IR divergent in SU(3) YM at zero T,

e Finite in SU(2) at zero T,
e Finite in SU(N) at non-zero T.
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Introduction

o Considering gluonic operator

1

s(x) = EtrF,w Fuv,
1 .
q(x) = 16:2 trFu Fu .

o Due to the self-duality of the instanton solution FF = FF, the
x-dependence of the leading instanton contribution to three correlators

(s(x)s(0))g » (s(x)a(0))g » (a(x)a(0))g

is equivalent to that of (F2(x)F2(0)),.
o Since (s(x)q(0)) o has no perturbative contribution, the instanton
effects may dominate.
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The CP-violating correlation function

At zero temperature

There are two estimates on (s(x)q(0)), at zero T as

al

(s(x)a(0)g™" = k—— (FF),,
(s(x)q(0))g" = cAbx7P*8sing = cA®2/3x72/3sing. (if SU(2)YM)

@ There are two facts. Which one is correct?

@ While OPE is correct at short distance, instanton calculus may catch
some feature of the correlation.

@ The instanton picture is expected to be correct at high temperature,
and we can study how the correlator is described by using instanton
configuration.

@ In this talk, we focus on the study at high temperature.
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The CP-violating correlation function

At non-zero temperature

There are also two estimates on (s(x)q(0)), at non-zero T as

(SCIaONEE = Ko (FF),.
(SCNAON = NPx T4 45ing,

@ The thermal effects modify the power os x, 7, as a function of x.

@ Since the explicit thermal instanton solution is known in the so-called
singular gauge, we need to gauge transform it to regular gauge so as
to be integrable by the instanton position.

<#uw%»=/mewwwﬂu%m#wam
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Gauge transformation of HS-caloron into regular

gauge

@ The HS-caloron solution is written as

Aulx) = /TlS;)aylnﬂ(x),
2 2
N = 1420 ShR 14+ 2

R chR —cos Ry ~ R2’
R = 2rT|X—2Z], Re=27T(xa — z1), R*> = R,R,
A = 7pT.

@ We consider the periodic gauge transformation such as

iT,];ﬁ“

g = =
VR2

where f:\’,, = (Rj,sin Ry).
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Gauge transformation of HS-caloron into regular

e When x, — z,,
AM(X)

g lo5e

AL()

~
~

~

gauge

f(R.)g 05g, f(R.) =

—27';; R,

2T

RZ

@ We obtain regular caloron gauge solution as

4)2

gAg ' +gdig Tt
(1—f(Ru))gdse ™,

—27';; R,

422 + R2
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Leading caloron contribution to the correlator

(F2(x)F2(0)) g
Cinst(2mT)8

v.s. In (27 Tx)

Log <Tr F2(r)F?(0)>/C(2rtT)®
| |

Log 27tT|r|

— SU@)YM
SUB)YM

— 1500(27T|r])™®

Inst.

We obtain (F2(x)FF(0)),—; oc x~® when xT > 1.

10 /17



@ SU(2) quenched simulation
@ Wilson gauge action

0 243 x 6, B =23223 ~ 26187, T/Tc = 0.722 ~ 5.694
323 x 8, B =2.4367 ~ 2.8986, T/T. = 0.788 ~ 3.196

v
Measurements

@ Since we are interested in local structure of classical configuration, we
use the configurations after Gradient flow with Wilson gauge action.

@ O(a*)-improved action density, s(x), and O(a*)-improved topological
charge density, g(x).

@ CP-violating gluonic correlation function : (s(x)g(0)).
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Polyakov loop as a function of T
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Gradient flow at large flow time

0243x6 T/T.=1.16

Flow-time dependence of Q : T260 lat24x24x24x6 Histogram of Q : T260 lat24x24x24x6
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Topological susceptibility

@ In SU(3) YM the T dependence of the topological susceptibility
xt(T) at T/T. > 2 is just same as what DIGA predicts.
e We will also investigate the T dependence of x+(7) in SU(2) YM.
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CP-violating correlation function: < s(r)q(0) >

Comparison between DIGA and Lattice:

(s(r)a(0)) 6% (s(x)q(0)) Lo
In (Cmst(QWT) + B) +InAvs. In ((27rT)8L>

in In(2rxT) € [0,1.8].
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Conclusion

@ In order to study the validity of the instanton picture to the local
observable at high temperature, we investigated the x-dependence of
CP-violating gluonic correlator using lattice simulation.

@ The two-point gluonic correlation function is calculated in the
HS-caloron background with singular gauge transformation.

o After gradient flow, the x-dependence of CP-violating correlator
approaches that of classical HS-caloron. Compared to the
measurement at low temperature, the CP-violating correlator at high
T approaches with much short flow time.
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Thank you for attention!
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Appendix
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Q v.s. tg,, at low temperature

Flow-time dependence of Q : T180 lat24x24x24x6

Topological charge
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Figure: T/T. =0.722 Lvol = 243 x 6
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